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ELECTROSTATIQUE 


<ULa. ^3 i"'l w .all (jc. 4 41 ^aI j!aH <LuJ^p ^a Aj^LuJI 


2 uKll A <C\kI\A Ia jjbj ^A j « electricite » 

Thales de ) <J±« c> (jjulUa Ja-^V L_ua> . (ambre) jjufr ^_i*j ^ill 9 « elektron » 

Jjj U <ji Ic. (iill j - Aia^aJl - (Ionie) — J JjIjaII (Milet 

^ya AjtJaS ^ J j/iA L—ll ..X'V.i' Jaa-V t (_Jj3 545 j 625 

• L_fl jj-tfall 4Jajuol jJ 

VljJ^l" 4 CLi&LloI 4_L« J o J jjjlill t * jL-a vila. Ill 'j ■'■■ ^ax<a sA 4_u^)*Jl 

(Notions fondamentales) i AujjLujVI ^jALLaii /A 

j 

4 :: ^| k jr 

(Experiences d’ electrisation) Lh!±Jl 

l* \\ ■ ^4 , ^all ,j| kt-vN j t 1 " '' ■ ^ (Jajoball 4_iLaC- 2st-) cJauaud! Lij^)3 111 

AjtJaS 4 !-> ■ . ‘ ^ L . '. u ^~ >q ^ IjSlj Aic. S jaU» 3^ . JaJkal : t . ' ^ ‘6 

. C-flj x^a\l AaJaB A-IojujI jJ 4 a jl ^ 4 ^. 

t> Uu4a3 l$J J jjjjl^ouljjll <Jj£ JLu (t— 1.1 J£wJ!) 4j>»3 ♦♦♦ 

j .l^jl jiij bju ^jl l Lajjoi^ AiUj bxj 4 JJ 0 jl 

( 1 ” 1 . 1 J£alll) . </* pAj £^juj V 6 \ju& njjJaql) lij 

b^.1 L^ILaiA^La cibl^ lij (2.1 J< 1 4 1 \\ *\ \\ Aj ♦♦♦ 

cbjl£ I ij ^j,jj£x,SIj j . (jl ^I jjj Lo^jIb c^l^l A aII I nju^aQ\l 

• SjLg 4^ lc> j J l.j u^aB CLloiaV L^jlq 

Vj^" b IAjojj ^a 3I ^jl 0 Aiijudj 

. ^j±i L-J^l^liSI 40 SAjuj 4^1 IjiLab A u^aL^JI 
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4J£LuJl f 



(') 




u 1 ^ 


Q t 

M 

: 1 . 1 Jii! 1 


++++++ 




J q 0Tu *a Q±n ji! j;WJJ 

m 1 $j 1 S - 

• q <&i. 4^4 “ : 

(jj fl AialjJI j jiilU. ^gic. UUL-^j Jl« <kiu>j j^-kj 

I A£> A_^. )J . '—) 4, llLui 9 (+) §4 A, 1 /'jjj3 < 5^3 9 -dll 9 4_uLl }&£jl ,'j-v ,~o\l t ‘y^ 

C ' * n 4+ 

. (Benjamin Franklin) (1790-1706) n <■ g/nAil l 

a ^j Ul£ )j] j ^V» (jjiij 4 jjLj^£ Ai^ui ^IauiAi jAUjj 

j 

L-JJjJakll 4,W2u\l (JJdib ^puaG j C_J^£jJ 4jj£ (j£ <jti 2.1 C_Lui^ 

• ^ aII c^Ij^aaI! 





9- + + + + + . 






v E + + + + + J 





( jjj j L_jil^jJ! t ;2.1 

CjUau^l 
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i AjjIj 4 iv .* til l ^ ) 4 ^1 9 4 /2 

(Charge electrique elementaire et quantification de la charge electrique) 

• Jluus SjLol] 

Aiuq l^sLou^l ^ (noyau)Sljj jA S jL&31 

Sljill cJjlaj .(Ernest Rutherford of Nelson 1871-1937 )^jj3jjjjj l>^ 1911 

Ajl9 j><U^ Lg-il J^Ijjj bblj JJ^V' .bbU jjjfLl] aJ£j^lLq AjL^uuj 

< juj^jjj j i (protons) < Ajj\i^q al^ill .aljjjJ uj^ 

.( James Chadwick 1891-1935) J_£ d>* 1932 4 W 3 ; eutrons) 


• (nucleons)*-— iljjjjKjj] 1 aj-J o\ jjil A K A .all 









UJJ^I 





s jili jifi tQ4. 

I AW/lill (jjoii CjU jj I j CjU 

JdlT jl AJjujLujVI A W fall AjjIj^^JI A WajjII .g J 


e = l,602.10“ 19 [A.s = C] 


LlLuj Aj CjIj jJ&iy\ J LLauj Aj CjU J j ^jjj AqJ^II AjjL^SJI jSI! 

^3 j Jiisj s^jjubft j^iJI ciil jlSI j ciil jISI ciLuqLb q c* aJ jLulaII 

. Aa jbx-a aJLl^M IgoWjLjj (CjIj jjjfLl] L-buaSj 

Aj^uuj jli j . ClutlS Apbc- A>oj 3 *Wtj ^jl AjIj^)£^ A WjujI j V 

* £ * # * * 

'. A, UjjI.jjV' Aj^juall ^ <1*> *■ Qf-l , >i^ 

(2.1) ' 


q = ±n.e [A.s = C],neN 


# . . ? 


• Ajjlj^g.^11 4, WAjq.ll \ \ ^LojV 1 1 AiaII 1 bA § 

• Clulj SJ ^9 ^. ^a31 CIjLWa^II ^ j^^k.^11 4 AiiAa aIa^. 
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. Aaii^AI AA>a^A3 AKaxi'I Iajlg 4_ilc- La IA& 

U jjj jill j CjU jj j^jAI (jl LA*AI ClAiLLall ^LjjA] AjujI jb]| lIlujI 4-SjlaJ' 

‘ I JA liajJ J t Ail JJC. .(quark) J l£ J^' C^Ututa. qa JjSuj 

: yJC. jj ^)^3 j ^ j 4 _JjoAjui'21 ^ja l^^?. <_jA j i l^J^C- c.Lal*J! ■ fl- ' ; 

2 1 

. (w = +— e , d= — e) 
3.3 


. <__Ua jl j£ 1 Ia jl 4La A la. 32 4 K A^UjjIjujVI i"'l •'■n. , : o\i 44C. 1 . 1 1 l.l(JlS 


.AjjujLuo'I 4 k ui 625.10 16 = n j n — 



piA** 


(conducteurs et isolants) j dJj*^J lpM' /3 

c 

lil£jj dild^JAl &A& (jl uL 4 AjjIj \^£JI C jLiaJAI ^ uj£ S^La jjSjj 

A Fi- I *♦ 

UJ^ ‘ ^ptJl SjjaJI .( Cjljjjjjjil 40C. = CjUjjjIIVI 44c.) ^4juj j 

JISSjI Cj jJL^. ^^jju 4,j\^c> • ^LajAx^a S4U11 4 W 2,1 1 

’\ F 

m, 1 ^ 

• CIjLl^juJ 

(JIjlSVI (jCr AAjAjoixAI (jL^VllL jl S^L^IL ^uui^JI ^Ac* 4 WjuAI &A& 

.(A j]Aa 3I L_UjJak3l Ilk ^^Ac. ^AaJ ^All 4 jjL^£JI 

(JbtflaJall ClAj jjjiil - 4 nl y* ClA jlda Jj3 j Si jill <J CbU ijjj£A^i ^ jAaJ 4 S jA ^ 

' 

AjlaLli aS^LolaII <Lli3l j 4.1^. jliJI 

^1 (jl tgjli ^ 4 jjj 5 4*4 i^a\l dul£ li] 

UJ^3 ^ J^' J UJJ^j Jj^ M J ‘ OjJ&l 

A ] ■ jiJ 4iii (jc. ft44*J 4_i^.jLiJI 4 a dul^ 131 j . V jlfr 

.143=, ^sy jjSj jx^tll 13 a JIa .J & f j lijJ&ll 

S Cl jU jjAiy\ (JJ* Cbc. ^^Acr ^ jl^J jA J-jaJl (jstill (jli 4-ilCr J 

<i!Loj jjuo^AI jA JjUlII jli 4 JjILAIj j .^(JISojVI 4^j^- ^A cIjIjjjj^JVI ^ 5 !) 
UJJ^j (/' J2 j3j V (/3]1 jA ^liall JjUJl .ajaJl Cjljjj^])/! X23 144c. 




.(ions)Cjl jjAA <lilLa3i 4 Wajj\I dj^LoL^. JjI^juAI ^3 ^jl ^)ddJ ^jl 
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AJlSLuJl f 


bxJ - Ai^uud]| ClLuLaL^ lij ^JllLa Aj| ^uug.^k 

Clnaj lij VjtC' ^uoi^JI J • S^Lall 3^ (Jll^ajl ^3 Aj^)^. (ji 

.Ad3 ^gkll ^3 A Wjuj\' Cl3LaL^. 


(Explication du phenomene d’ electrisation) S j&Ua jjui^ /4 

jLoiLa JbC- ^Ac» A yt ))h\\ t$j]U> ^3 ^g jlusb Clll^p ^jli jl j (Jjjluj 

u' J^ki V J jjo) UJ^ J 



JbO lA^ — bbli^uudil ^.a.j \J^a\l li] Cal 

.L}jIjj^£ Aj i j^uia S^Lall i ju^aV~ L- jLuujV I l # i,Ujj\ ^j^aVn jl CjIj jjj^T^I 

A,\*i^\l ^yiu JLa&j ClAj I JISSjU L-J^g-£i\l (j£ jjudSU cA^lc* a jjx^i 

. JlSajVI AjUc 33 |jj ^gill 

3 j]ju]| 3j.ujj!)Ll1I LgI .LL^j] L-jjg.^Tn3 cIjU jjj£]] bkb 3 j]jla3I 6^!1a3 

.LlLuj C-Jjg,^n3 CjU jjjfU] 1-UjgJlS.j 


. A J # ^ 

(Loi de Coulomb-Cavendish) • <—u> $1 & m »Ili /B 

1785 Aiy. Ajjjla (1806-1736 ) Lu jl j£ jllout j JjLi ^jill <JUil j 

UjP^V' e> Jj' U^ <jj^' Up ‘ fA*Jl ^jjIj j 4 jf jjc. 

<jLa5U j 4 lil j ojj^u ^.ic. tjiuii V jfr^a j (1810-1731) (jiuAjal£ (_£jiA 

<_J£ 4_i]j jjjuij Ijj) jjc. * ‘ . '* — u‘ : '.: V ' A '^ UU^ - ^ l 4 _iajuij Jjaj i Axaixll 



* ** Coulomb juJ jl (JJl) .C_A*j]j£ jjjlij £-Pi U 

.(cUSU 


^ ^ I 

(Etude qualitative) *Lud jdll )1 

jjj J[^ ^ jj ^ , n -v jJjOJ AujIj^^SII ^3l_Iill jl 1. ^ vM -v'dl 'ijfil j_)jjl_33 /gic. (J^i^-N.11 

J (4.1) U^b' (iA^ U^J 

. AiLud^L /77 2 J /77 , jjill ^ 2 J ^ 1 ^jjjiauuj 
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^g ^)Lg]| ^jaiLobGli j& p e 4 \\\ ^\ i Sjiii (J>gL^. /\ 

i (JJQ Wju)\1 (J 4 J <L^ali3l r ^ xx l^C LjJjojLiL) p e S Sbjuj ^L-J 

6 ^2 J ^1 cJ^ 4,r^jLJd ^ > u xiLllj S jill j^ 

L > 4_lilLauG p e SAjuj /j il ^ j i ii ^ H r AjJJL^G 4,4 1 , ii^ t> / J 

.U J'^ > *N 



: ^^UlL cs^ L>^' j q 2 

: b&UJill - 


( 3 . 1 ) 


U — — O^jll pL*-iu: (_jLoJ u 

? " 



( 4 . 1 > 


: 4_la1uJ1 



IsjUxIIj ^gJaJU AT Clulull 4_il jjJI aLo^JI ^k 

1 


. (permittivite du vide)p' jail Aplij jl Ai-nL^ <JLsj e Q c Ana ^ K = 


Atts 


o 


AT J 4 ...'J J^"'^ 4 Aj^]' 
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K -9.10 


+9 


Nm 2 C' 2 


iali K = 8,9875.10 


+9 


Nm' 

C 2 


(5.1) 


e„ =8,8542.10 


-12 


c 


N.m 


A^uall 2iklj £q jl^ A_La j 


1 


jLiijl <c.j^ JIoj c s 0 =- — j j e 0 


4 nc 


c = 3.\0 8 ms 1 p-l jail ,J c-jjJail 

: jl£ 131 

i jjiW > «\l Jic-Lij F e 4 jiljj <= ajLiVI (_>iaj L<^J jViW /Ml: q^.q 2 0 

J 

jw % 

jilla. *31 L-ijlij F e 4 4_j3lao <= SjUuVI l“4\“rs,a jtiWJall: q^.q 2 -< 0 



• F q l ——Fq 2 jli lMI J J (Jstail jkba ( — Uaa . J 

^ UUajL^> j^\ ( f Uil J) ^jSlI Sji s jb- 

jjiij JaJU^ailj aJ jjjlill I 2 l&> jlj c A t**<3*ll A_p.l*JI A ^ jail f . 1 VVi i J s .c^Ljl^Xall jjjj jJ 

4 (jA 

.jjjjjlSil jjj IgjLij kaj jl 




v 


y * \ 


V 

V 


\ 




^ l jA^II 6^3 ] 5.1 lM 1 

? jkj J^il jjj ^jijiil jalliil J ^jiil 4 _jji 2 JI aj 2 jjj Will L» : 2.1 JH> 


: m) wJI 

— » w » — 
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?1 km — j jjj.ic.liLa 1C j* q&ssA jjj jljflll jallill S ja ^ La : 3.1 Jlla 



; F =9.10 


9 1 


3x2 


( 10 J ) 


F = 9.10 3 F 


— » w » — 


ta* jli £1 jail ^ 2ulLj^£ Ai^i n LuJ U 1 ^ ^ J* : 3Ja*3U 

£ 

l^j-all 12 a .•‘L&Lujjj££]| ^jail ^c-UJill x ^ a -v llj ^ajou (Principe de superposition) <-_£! jail 

! ! iaaa AjSLull cAj^lll aIU ^ VI ^I^j V 




^3 



F 


12 



/■: / . +^v 


Jjall <_£Ijj i^fa : 


• (7.1) J£2oll j-a LDUajl q 3 


A 

<h 


r, 


C 

f q 3 



SjJjjaII A 1 ‘ .all S-li. c n ■'■v 1 l 4. 1 Jlxa 



q l =-\,5mC ; q 2 = 0,5mC ; q 3 = 0, 2mC 
/; = AC = 1,2m ; r 2 = BC = 0, 5m 


7.1 d^sll 


F • 


q i 


Fn =-F^ui 


; f 13 =9.io 


:8.1 JLS1I J] ^ : m!^J1 
SjS ^.a j F13 -<: 0 jli -<: 0 jl Uj 

. jiLu Sja j F23 >- 0 jli Q2A3 >• 0 J b? j 
9 1,5.10 3 x0,2.10 3 . =lj875 . 10 3 7V 


F 23 =F^| 1 u2 ; F 23 =9.10 


(1,2) 2 
9 0,5.10 -3 x0,2.10“ 3 
(0^ 


F 23 =3,6.10 3 F 


r = Jf 2 13 + f 2 „ 


23 


7? = 4,06.10 3 7V 


C t luiV^ AC ^ 7? Ig.x *1 juoi AjjI^SI LgI 
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AJ&LuJl f 


F 

tan a = -^~ : tan<2=l,92=> a=62.49° 


F 


13 



23 


(Champ electrostatique 


JfcJI /C 


AlaJi jliic-V tjaljS J gH-A? j'jjb 

Ijjli jailil' 1 2^ < i^a al . l$j C« i-s. .41 ^4 . >»a\l ->. 41 ■CuLijjilS l 11 jj*j 4 jjIj v;..S 

• bW ^ m j*- u- 4 JM' <J£ J 






de champ electrique) : ^L j4£fl JSail /I 

^3 A, Ai^uuj ^lc» /^ ( 


^ F e Aj^LuJ j 6 Ajjud l\l 4 F \i JL^JI ^OjojJ 1 ^ 4^ L»flJ jXJ 

9.1 JLill .F e * S jjlAfl q () a^SII 


( 6 . 1 > 



. J/77J ' ^)l4l ^^ic. Jai. _j2ll_J lMI g)C- 4^*^ CjlAa. _jll 4-LaaJl ^^3 

17 

ci ^» U q <>2 a 14 . <_>uij F e j E(M) u)4 E{M) = — u> ^ 

tfo 

10.1 . Fe * S jfcJI <i^22lj c^i q 0 * JJh 
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S-Lbaall A 1 ^9 ' 9,1 





: IM1 4±£ & guUil flSlm JJ4±1\ JiaJ) 12 

(Champ electrostatique cree par une charge ponctuelle) 

(j-a M Aiakj (J£ jJjJ Igjli o q 4„aUa> OJa. J I j] : cJu jJU 

AjC» ^)JL3L^1I i,LjuJ ^OjuOJ Ljc-Ijljuj l^J 3*aj^.^ II 



( 7 . 1 ) 


.O aLSsII J* Sjj^Aji 4j^\\ :q 
(JiaJI C-jLa^. jjjIj l M AJaiiil <£, jjJa j>a ^LljJal 4 j,2wj^ ; q M 

■ Fe SjilU ^ J 
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AJ&LuJl f 



gsuii d^J 1 : 1 1 .1 Jiili 

4_ila3J < A ^ '■v jJj /jf - 





aJLuu 4_1 ^uuo aIL^. j Ala. Jj AlLa. aLall ! 1 2 . 1 d^idl 


: 4i)^Vi bjlW^i pg> gdllSI ^Jb /3 

(Champ electrique cree par un ensemble de charges ponctuelles) 

jA La3 4 /? Jalidl Ajl3| j]1 4 q. Ig.Wdj A^y^y n li] 

? M aJo^j ^3 A^ 

a ujjdlj Ijlia jli 4 jk 11 a, uj/iIL jA U^3 

. (Aj^^ldl ^3 Aliau^a L<bj J AjIc- Al&^dl j ^Ls Iaia AjI Laj j ^ 

:jli Al* j 

n 1 ^ 

( 9 . 1 ) 
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: 4 »Iuia *-? i »1 gSUll , Jb JlaJI /4 


(Champ electrique cree par une distribution continue de charges' 


U 


< 


1 'jtjjjp *£■ jj* UJ^ u' 4^ tdi l W/M I jjj£ A3c. aJU. 

- ^9 J jJjoi^q ^h,,i ^Ic- ce-l^J j ‘LaliiLui! 

4_ilo j .L^JU-^a ^^juj l_i£I jjII Ijua <jli a,w2u\\ ^jjjjII 13a (Jl* 
A^uiiud^JI j\ ^ j\ ^^IjlLg V 13a 

dE AajujLuiVI jj^aLlx]| J ^L}3H ^aJ l Aj^^k 2o^\l J ia.ju^a\l 

A^liLa^UI b^.lj LajI Loj j . d E Aj^j^aixJI (Jjft'vN 

li» j (J ) yL j (JJ ) ^ . (f ) lUS J] 

£ 

• jl t ^%^>L5k, IjjaS 1 3] 

■„j 

(Jjuo'n/i t^lS3 li£)Llajl j 

E = \dE 

.A*^i t> Sjlat dE jV E = \dE J alSjftV! o* Ji* 

: 4^ UJ^J ‘ O vvr <4 j4j^ Jj4^ 4-W cs^ 
dE = dE ' ./ + dE„ . / + t/E k 

x y J z 

iL&xJj 

(12.1) E = J [dE x .i + dE y .j + dE z k j = E x .i + E v .j + E z k 


( 10 . 1 ) 


( 11 . 1 ) 
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(13.1) 


: jU j 

E x =jdE x , E y = jdE y , E__=\dE z 


(14.1) 


(15.1) 


E(M) = j 

'dE(M) 





J£(M) = 

1 dq - 

. 7 M 

4^ 0 r 


£ 

l (jl ^al*JI 


. Uja.V AjljLuo t “ 1 a n W< ^ 



I I3A ^Ada _£l 


I Jlail ia »Sa^. /5 


(Lignes ou spectre de champ) 

UU j (q x ^0) UUJ tjjjjaJd* <♦ 

c> ^ jj4? j) c3^' ‘ (q 2 -< 0) 

.Cjjjlt 


\ 


■ 


dlK'-v <■« ^4' J 

.1 





Jl 


t » 

♦ ♦♦ ♦ 


q\ JiOb :<UaA^La ♦t* 


. (_JiLaJI Ja jiaa. ^uil ' Jjllaj 



& . 

3i K •( e 

K.J “j j r V d, r> 



yV 





ucj ;x j.. : ■ fti ? 

ffijflV Wl ... 

Jl' di 

IW .Ttl 1' t. .1 . 


*V .- 


! . 


■11 i i ■ Vi 




Nl 'i \ I L L p J J j y y 

\ -I . I ,1 i { ( s 

n\\htitii ///O 

^-h/vA I// / \\\ 





. - /llwflvv' - 
/ / ) l-k V\ ^ 

ll \ \ \ Nfc 


iblLaJ j D^^-sa i du^l 1 j^jA ^Jajos ^Ac- ^Jt-uAall L_baiJsAl ‘ *14. 1 ^ 
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JjjS J cbLrn^ jli q 2 J q x j nWuil l ^jUII jSaJI jL \j V 

i— nau L_lla3 ^jUj 0° 4.jj-iiak (J£ ^r.u^ j . L-jiaiiujJ 

4-i^.jJ Jjl3 . q 2 j ^ 4Alla^ 4 _jjIj^)^ S 

.(15. l) .A^Ijj££ 3I C5 Sljl j-a A,..nj, 2 k 


2USIS 4jjI j 


(JlaJl Ja jia^ 



AdCy* (JlaJ) 1**^ ^jjjLo-o 

ci^^t bbUna. : 1 5 . 1 J^l 1 

f 1 \r 



^Ijtjud] 4,3a 3*1 ^3 4 _LujL<i* 





JajJa's ^Jb JiLaJI -la gJa^l UAj JXJ 


I) . q 4,Wxjj\I ^xLl JajJa^k ^Jb j . E 



E(A) 


E(B) 



E(C) 


cfcJli^ki ; 16.1 Jtsl) 

4 . 3 a Vi \1 ^3 ^Jalijj dA.A iSLIuia L \x^>\ ^Jb JiLaJI JajJa^k ^jli 4 4 , JaVi 4 -lauuj 4 JLa. ^3 

j ^ jLiJI (jlaJI t4-ia. 4-iauoj 4JLa. ^3 .4 ,Wajj\I 

£ £ 

4, UaTiIIj ^-lau^a ^jjo^jlSI j . Jajja's.l 4, Ujj lllj 4juoij J& J jjljLa 4 jI 

(17.1)J^' . j! Jj^-aJ JVaJI <jl (JjIj j 4 jl3Lui]| 4, WxjjW 
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4j]Ijuj 4 W i "I j 4 W (JjLaJ) Ja 117.1 


J (jJJJjl-uU-a J (jJJJjUla u /u^' q ' u /"^ » * J^4' (18.1 



SVI ^aUk * 



fi^)LaiVI ^Ujj^LxlLa J ^j^jLolLc J nKx^l Ja 18.1 lMI 



J j yijjjUla (j njl- » Vi qxusJ L Jja. JU1 Jajixk (19.1)J1^1I Ji«J 


lIaj LoS 




JajJ^a^k (20.1) (J^judll (JlLaJ J 

.(<£11^x21 A^U^llj n WjljjJ j cLlLuJ J Ijl-^jl ^llb^^uaUij 

£.1*1*11* tAjJj!i* A3 j^*]| -lajJ^a^ ^jls t AQ i^*\l g. IJu-UjjIj 



••^s ~y L. y** “ 
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. JajJ^a^k (21.1) 



U^J 


iLuolLa 


LLL^j> 


il 




19.1 



W> F 

jLa. (Jalil ! 2 1 . 1 (JS^I 



; ^l a , ,U-, jfo 

lU^ J jlafl / JbllUV / 34 j «illui t*]fr JiaJI : JiAl / VnKil l /I 

.AojIj yj 1^> •*»»!*< 4al $]a Aja 9^ A ***- ■* 


A.FIZAZI 


Universite de Bechar 


LMD1/SM ST 


Electro statique 


17 




AjlsI j\\ P j!L<AI E l-Aju^ * lj a ^\ 

. (22. 1 . eilLjdll a Wjljj\I l^ILoAI 

£ 

Aiauill Jx l^JjL A a iSlijjia A.xb Q i tjb abi.1 L WiiM 

<■ dq = A.dx :4jj>.Vi» \1 



dE = 


1 dq 
4 7is 0 r 2 


•^j cb»j (14.1) 3i£Ull (j nlvn 

1 A.dx 


w / 
4 ;t£ , 0 r 


dE = dE x + dE y 


E x =\dE x =\dE.smQ 
E y = | dE y = | dE. cos # 


/l rdx. 

E = —.sin# 

x 4^ 0 J r 2 


£ 

i (j! ^1*JI 
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£ 


y 4 ns Q J r 2 

:jl LiigjAiA ^nluij tdjljjiLla r,#,X (jl 

1 

#X = i?.##. — 

cos 2 # 


x 


ig# 

cos' 
R 


r = 

cos# 

r^lc. (Jj.^3-s.'i Ixij 


E 


X 


r ux . _ /l +;r / 2 (i?/cos 2 #).## . 

—^01# = r .sm# 

J ” 2 4^ 0 J /2 i ? 2 / cos 2 ^ 


/l j#X 

4tt6‘ 0 j r h-^* 0 _ nf2 n / cos t? 

2 +71 1 2 1 3 1 

— — f —.sin #.## = — —,—.[-cos#] + 

4k£ {) -1,2 R 4n£ {) R 


0 


E 


/2 ^v -r/t.OQ 

.aJLolaII jialliil L-LUjaj JIa Cllil£ ( E x = 0 ) 4>jnll abA 

l Clu^k, AiLj \Jali / Uiijj t UjjV^ 4j J \a!\ Lai 

♦♦ ♦ ♦ ♦♦ * >✓ 

/l f #x „ /l + V 2 CK/cos 2 #)x/<9 
-V I — ^.cos# = - r .cos# 

V 4 7 T £ 0 J r 2 4 7 Z£q _h 2 R 2 / cos 2 # 


2 +ttI2 i 

r .cos#.## 


E = f — 

4^0 -i/2 ^ 



1 r . ^+71 1 2 

.[ sm <9]_^/2 



■iJ 



i\jll (Js^j Ajlstloi'il .AijSj 


J* d L?i 

' v 2tZ _ £‘ 0 i? 

A ila. J (JjLtjj AjL^Jall 



j jjj QfljS Qfr gjUfl ^LujjfSa 

. o~ AjjIj LfljfllfiS 


.<7>-0 Aili&j ^IkijL i? a jLa L j 

#( j^aji]| ^lcr o A-Liiil QX 

Ajual^p l.nlc>^ . X' X Aia^J E cJ^JI X aIV^j l_Lul^.I 

.(x >-0;x-<0;x = 0 
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gjUll JtoJI . OP = x ^ OX Aiaaj p j£j] : JaJ) 

(23.1 (J^') - A '3' a^A ^3 4 '■>. 4 \-v , : .~ \1 ^jc. 

£, 

A^Jajuj j dr AjJa^)C* JjK] jA l—teJ jl\ 

dq = cr.J,S = cr. 27 rr.dr :ajj>^w\1 a W >«\l Ja^j J.S 
: dq aWjljjII (jc. ol dE ^gjAX«.\l l-jLaa. ^jfLaj (14.1) 4iL/l*JI JjjJaij 


dE = 


l dq 1 <j.2nrdr 


4 7is Q b 2 4ns () 


dE = dEx + dE 


: 0' 



(jC- ^uLlUj P A-lakiH ^9 "23-1 
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r o (j* (j-a jiii (js ^c* 

■3 L$J 

E x = | dE x = J dE. cos 0 
E z =jdE z =\dE. sin <9 

! jli aJLolaII 1 


e z =o^e = e x 


E =0 (j! (_j-« ciiLiLoi^JLi 


_, < 7 . 2 n r r.dr . 

E„ = 1 — —.cos u 


x 


4 7t£ Q J b 


b 2 = 


2 , 2 

x + r 






cos # = — => cos 6 = , « X 4 


V 


x + r 

4 


\ 4 

= 

^3~, 


E = 


z=^\ 


2s 


0 0 


t 4e 

(f U-SE 1 



J ^Vi oj^j Ujj 

x.r.dr 


-1 


( 2 , 2x1/2 

(x +r ) 


-i R 


Jo 


E- G 

X 

X 

2s 0 

_ x J 

(x 2 +i? 2 )J 


rxA^jll ^ 


d E — dEx + d E 



Vx 2 +R 2 


:U&Ua 


x y 0 => E = 


<T 


f 


2 s, 


o 


1- 


X 


\ 


V 


Vx 2 + 1 2 J 


i->(2) 


Lljlj^uudll j i (JjSj E 
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x ^ 0 


E = 


a 


f 


2 s, 


o 


1 + 


x 


\ 


*_>( 3) 


V Vx 2 + E 2 J 

CjUauuill 2>* >wi : u J i E 

AjujIjJ dH 0 ^ V X = 0 cJ^ L>^ E SjljC' C5^ 

i Asb . x cJ j ( 3 ) jl ( 2 ) 

x = 0 ^> E = i / 


2f, 


0 


/ jbUla V ^ ^luua Jjajl i dJluH 


. cr AajIj 1tf-Al*< 4 .-vU,,, 




ixJI ^Jaju2l LaA 


. 0 U j£>a j dr ^ ■« 1 a j r lA >la3 <■ 4iik. (jc. 6 jljc. _jA 

(24.1 Jlill) 

^JlLo ^AxJu AkaVl f'l p 4 Ua'dl ^_3 U1 jaLi LjjIjj^£ ^1 jj AikJI & 2 a 

. 4, - vjm\l o 2 a (_ja (jq Vn (jl i—ilLlall ^Ic. j E % = 0 .E = Ey t nil AauCu 

/ 

dE* Id Ey 



dS = 2 Ttr.dr 



^uio v ;24.1 Jiili 
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AJlSLuCl f 


dE y =dE. COS# -cj Q* Jaa^Lj 


dq = dS.cr = 2 7ir.dr.cr AW>a'l <_Uaj AilaJl 

I jA A ila. ]| (jc- .P AJaiill (JaaJI (jli A_La j 

♦* #* ^ 

c/<7 27ir.dr.cr R 

dE = dE„ = A2 — ^-. cos o' = K .-. — — .— 

b 2 (« 2 +r 2 )* 


00 


£ _ f g. 2/rr.dr.a.R ^ 

0 (p 2 +r 2 ) o(p 2 +r 2 ) 


: jA (jc- 0 jUll ^Kll JaaJI jli JLIL) j 


E = K.Ittcj.R 


2 

r JO 



: J 


4 Wa '\l i"vW j La . Qy -<d' (J jla ^Ic. Clulj J^aJI jjl eLix^a j 

.A^ij jA ^La*^! JiaJI jli Oy jja^ll ^P 



y f 

il electrique) * / /D 

♦♦ 


(Circulation d’ 


A J 


Ajuai^U L 

. K —J Aal] > ji c5 


jLu>2l pbk ^ JS ^c> Lpajiaj 

(.Jc^ 

Jb B Ajaiill A <Ual2l (j-® V 4ju£&1 JAaJ <<r jAlaIl ^^-ajuU 


JI j( 
^ aL 


^ *w * * * ^ * w *’ * w ^ 




(1 



(JlSijVI jA ^// Cl 


11^. 



. cilLu^tj Jj I xjj ^ w aIL^JI (js i :AL^U 


.w^\l (J^l£llSI ^jls ^.j SjIjct jLjula]! jl cilLaLAll Icj i lju jju 


♦* * f 


: Jiill siilj J 4 ju &1 ja^ a w 


^OjudJ 
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(17-1) t 

• E JS»JI Jc. jjL J*j]l jjjiA U yi c3^ 

(Circulation du champ electrique) :^L j 4^1 JlaJl Jjau / 2 
^3 Lg-i3 (j^a AalaLa ^).uxj 

S jil £jJa^J 

(18.1) (.^o F) F = q 0 l 

AK^'l Jij L^^a o^d-^ . F ^3 (Jq3Vujj l^jls aWajj\I c^Lauu J !3j 



S S^juoLi^ Ajuo^Ix^ S j 3 nJ*a 1 V j! c ^ i 4 c^llj (J^j L>^ • bJbjuj p-lalJ La c^lLa^a Jj3 j ^ 

J J j^aJl (JliiVI ^l^j| Aj3ljJaj S j3 JjaiLj ^aJ 4 tgJ jjlLg (JLLjV F 

a jail <7 0 C5^J ^ V J^jj' Jj^J] 

• Fd =~q 0 .E ajall (jaJaj li* .IgJ AjjL^ 4jjIjj^£ 1I 
: jA L^uAi^ll (_5 Jj.^aia.1' (J-MtSl jjli dl i_$ (Jtaajl (Ja. 1 (j-a 



t/fT = Fd.dl => dW = -g 0 E.d l 

: JF^g d*c- cb 4-^ C AS (JPj q 0 ^ j' ^j 


5 


(19.1) 


W AB =\F d M 


A 


A 


t> o ' K ^^ ' Jj^ 3 CS^-^j 




B 


B 


= - J g 0 . E.d l =^> JF^ = -g 0 J E.d l 


A 


A 


B 


m ^ ^ 


, wOjuoJ 


| E.d l lU^I ; uLjj»j 






(J^^j ^jl Lo£ .£&A\ cilUolL j V AjI ^ 5 ! lafll ^4 (Jj Vi\) IL& 1 4 ij i3 
•CSJ^ 1 U£ f (J^UajVI 'Oaaj J1 £j>jll) c3^ CS'^ (i*J 
j7k,^\l J-oxil j W = j* E.dl aJL^I 4 = 1C blut£ ' 2| 1 4 tsi\ \ 4JIa 




:Iji£a j .(Force electromotrice) 444L 4 £ j^aH S 9 AII aJL^JI 

(q = 1C) Abiauuj (Jiil ^^Lall (J^axJI ^jLujJ AjjL^)^S 11 ! t—flJ J3U 

. C5 J^la JjL 

Ljj^)j 1 6^1*11-3 4Ailia ^jC» ^ai£llJ lijV .A-la]Li^a IbA "SjS" ^jj U/l jJ 

.AiUa ^ "S j3" 
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(Potentiel electrique) UJ^j! /3 

25.1 JIiIaII 


B 


B 


B 


( 20 . 1 ) 


J E.dl - J E.dl - J E.dl 

AAA 
Ci C 2 C 3 


(jC. (Jq Ujj^ 5 AJakiil A AJakiil 4 <jl ^lu I 3 a 

Jaib Jj!*!} j 4 ^I^Ia J^la ^Ic. (J^^j (JjWi \ V LaAio .£j1<2I ^ILulaII 

cJ^- J » jjfll "V A 4j| ^jC. J jkj 4 4Ja£J j (Jj!)L3ajVI 4Jakl 



( 21 . 1 ) 

(JiL^JI (jl aJL^JI e 2& 




k ** 

. 


> J> ^JL 


dF = -E.dl 



: (19.1) SjUJI gi 

ljj ^ 1) cr^ cr*^" 1 jA F 

.F ^»*at <*n <%&a E 


(22.*fc 


* Lp] C 5 ^ i j 5 q^ 4 Wl\l Jkil 45lJa3l 

W AB =- q JE.di = qJdV = g 0 \V\ B ={r B -r A ) .q 0 


A 


A 


JA] >j3 j a J B o&ifli u* UJ^' d> J F 5 -V a Jji-B 


£/ 


&4 


(23.1) 


u ba =v b -v a = 


w 

_ yv AB 


% 


Jji J] ll? ^ j 


A.FIZAZI 


Universite de Bechar 


LMD1/SM ST 


Electro statique 


25 




tUJi Lfjt- ( u BA =r B -r A ) uj-sji l3> : «Aj«3 
• 5 4-laklll y4 A-IakiSI lg.lS.ll ^11 ^jLuoJ Sb^.1^11 


i Lf la^L» Jjla L< jg J^l Jjau /4 

E J (J^ L tlili-a 4ja_uall <_Jj3 £ja < *j1LoII ^ .Lai' lil 

.Bj A (j j"'^'' L ^gja-La]! 12 a ^ c. Lj-xi*. I 3 j L-j| 

,26.1lM' 


(24.1) 

(25.1) 


B 


A 


j)E.dl = J E.dl + J E.dl 


L 


A 


B 


$E.dl=(r A -r s ) + (r B -r A ) = o! 


L 



26.1 cPl 


C5^ (JS^ll (J^^J iAb^Laill ^9 I 

(26 A) 1 ' 



• (J^£a£ (j A ^LulQ / Jl^J, ! ylS Lal^ UjI J 4 ^ 4,^. ini' ^ A& 


(27.1) 


: q AA all fjg- gjloll >&£}\ L \ $aZ}\ /5 

t(q AlaJ21 <> J) LjlaS jji> q <y- ^jLJI E j La jc. 


^W = 


1 


q 


4 7rs 0 r 


'. La ^jJaS t a > (_) jJa ^_lc. E L . ' 1 L '^ V <— iLui^J 
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Unl 


(28.!) 


dl II dr 


dr II E 


dV = -[E.dr ) 
dV = -E.dr 


dV = 


1 1 


4 tus q r 


dr 


& 

jl Uj J 


u 


ila 


(29. 1) 



jlaiH (jij J 


V(r) = \dr = -EL-\^-dr 




C te =0 up r = oo ^ V = 0 jA J2L 


(30.1) 



•A cP 


eiA u' ^ 4 la. 221 IAu^u^o j r lA^iaS <■ dllu^ ^ic. UJ? jj^j 

KV (surfaces equipotentielles)« Lifra£^ Aj $LuiLa ^ <J£o1uj Clil 

w- 

£ 

: SjU«J4 r 2 j ri UU=3 U*^>j ujjj^ as a>^' Jj* a 1 i>as 


(31.1) 
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V uj^ll j o^j&i j ‘ o xyz j ‘ dv = -E.dl j b'j 

JS g-3 + dv i— .ll.xa^. (j^aJ QA A Alakill E J 

. 28 . 1 <J^' • dl ^Lxju 21 j ^4 Al AJaflj 


Z* 


&t 

O 



V, +dv 


7 


j/ 


28.1 J^l 1 

jli AjIc. j z j _y ^gSL n j ) x a^a. y4 ^jc. Uj! <jiajpAj : A •% AJIa 

t 4 ’i 2 _ __ 

c^i dV = -yE.iydx Aia j dl — idx 

(32.1) f 1 


J ^ 1 




j x o' j 



l jjl ^Jl Aj^aLiJI aJUJI o3a ^3 

dV 


jj£j zj j U^c. V jjAj > dF <iua. E x = 


dx 


: AjIj£ AjIc. j a"t ■ "S 1 ^aj^La £-a JjjUal: dlLljljL^^S Jajjjall IjlA 


(33.1) 



(34.1) 


(35.1) 


e y - 

dV 

X 

dx 

♦ 

E v -■ 

dV 

y 

dy 


E z - 

dV 

z 

dz 


: XaJ z j y (Jai o* cb j J J&J 


! / jli o alx-all , -i Liil LaJ 

Ms xyz ( C 5 ^ 


E = 


E +E +E 

xyz 


E = E .i + E j + E k 

x yd z 
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(36.1) 

(37.1) 

(38.1) 

(39.1) 

(40.1) 



dV~ dV~ dV 7 

— i / k 

dx dy dz 


^E = - 


dV- dV- dV T 
— 1 + — / + — k 

dx dy dz 



J 


•CM J >> cs^ 'OW^' LS* 


E = -gradV = - 


dV-r dV- dV r 
— 7 + — j + — k 


dx dy 


dz 


E = -gradV 


. "V O* e JSail" SjL*ll Ua ^ 


:<^a Ajjl diLu!^,Vlj E SjIjc. 


E = -gradV = - 


dV 

dp p r d6 


w 0 + 


M <? + 


dF 

dz 


77 



: o jLwJIj ^Jaxj E (jli Ajj CjLiil Ij L4 


E = - 


dF 


1 dV 


1 dF 


U r H . Un H . 

dr r dO rsinO dcp 


u 


<p 



SjUcr ^Ixjoj SjUc. : 5.1 Jtla 

. V(x, y,z) = 3x 2 y + z 2 

. ^4(1, 2,-1) Aiaiill ^ E Sii i_1mJ 


:o^j] (37.1 )a-LI*-<2' JL**1uAj V(x,y,z ) 



^4(1, 2,-1) U&ll ^ U 
F = -12/ + 3j -2k=> E = Vl2 2 +3 2 +2 2 
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E = Vl57 


12.53 V/m 


: 4^a jila 4 iJ^Vi 5^ gJlH) jl 

^jauuj Sbc* 0jliSI M aJ^Vi\1 ^3 K (A/ ) <jli ^oLuj <jl Loj 

K-LaLud]| S A-lxllj 

** V * * 

(41.1) 1 T 71 



j AjILoi jl 4-^.j* ,jj£j jl ji^j q t jl L2c. M Uaflill j q. jjj asI^JI ^ r ; 2lu^ 


.(- j +)i^j^k tjki c> 





v>lu^> fr? j »i j& ffjUll ^Jb ^lll A»»^l /8 

I -bli a i dq 4_b.»LLa Aj^j^ajc. A 4' jjjxj AjLoI£j AjLwu ^ball ( _gi£j AJLaJI £>3 a <Jj-a ^ 

^Uj^ll (JflaJI All_a. ^ Aj l_La3 

I % ^ 1 | ' 

(42.1) 

(_JaaJI ^-Utjuj ^blU ^ Vjl g-jbjg£ll jj -a^ll t I . j . n^"' i ^ tA-alxll a 11 -s. \1 ^ ; Aao*aj 

.jlilil AjLvu ^Ljj^II 


ASljfb 4 1-iV'l \ Ax. j_j-a q Aj^ ui i R lA^ioS (. kj^aj j O Ia i Aala. (_J^aj l6 »l (JliLa 

. A, >- 0 Aa] jJa 

j; 0*jj| t5 JC. i Aj«il j]| J Ov Jjvxll ja MA-Liull 0jli]l ^jIjj^£]| jj^ll L-UaaJ /I 

• O j^ 


j»ji 


. M AJakAI ^3 ^Lxjuj ^cJ-UajJ /2 

^ja jj j 29.1 cJ^joiII IjLucA j c ci±A jj r,y,R jti Saw^AI M a AiViW a. uj/iIIj : 


:AjIj£ l.n^i AT = 


4^ r 


dV = K 


dq 


r 


\dV = —\dq => V=M + C * 

J r J r 
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' c[ — h.'ljiR j K (jiajjxj axj j r — Jr 2 + y 2 


v= x 

R + r te 

2e 0 yj 

1 ' ^ 

'r 2 + y 2 


aLIjlaII j; 1 4 uj/iIIj V SjIjc* JjUlLuJI IbA 4Ju . E 


^loiLall jVi <^5 


:( 34 . 1 ) 



4j 4qW\l ^jc- j yj A l~iV)\\ ^3 (jSLuj : 29.1 lM 


E S jljCr 4 jIj£ c jLqj 
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(43.1) 


(flux electrostatique et theoreme de Gauss) • cyajCr bjlaj /E 

/I 

: jIjLJI jjc. JiaJ! Jja-Sj ♦> . 



aaJI J LojIj jA j ^Jajudll ^Ixjuj idS 



^lLjuj :30.1 

: jli <9^ dS jE(j£ '3] 


(44.1) 



: ( _gA jsUjVI ^3 4atal*^a j ( weber Wb ) ^ Jja-lill S-i^j 

[o]=z 3 .:r 3 .,4 1 


4 


; L>fljg- 4 jj& /2 

• ^Jajudll tbgJ JaL^oll J Sb^t jJuJl Cblb^uulll 

^ jUJI jaJ Ijj^a ^Ijp J q o^il 

,E(r) = K.\ 4li£ 
r 

31.1 jLSfl • ^ ^Jajuj£ jm \ 
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J^L j E u' l 5^ dS AjljujVI l£ up S <SL^. Lbl L«u 

• ( J £’,<i5') = 0^>cos0 = l (jli 


(45.1) 


(46.1) 


(47.1) 


(48.1) 


(49. 1> 


di D = E.dS = E.dS 


® = j>E.dS = &K.-^.dS 

s s r 


*jLI£ 

Cv 




SjS A-ila^J Alauu ; 31.1 


l jli dulj S ^)la3 ^ 9 *1 ^jl LoJ J 


® = K.-^jdS 


s 


SjSll U£]l ^luuJI jL jSill! ^i£j 
f/5 = 5 = 4^ 2 







AJakj 4-kaJi U ^ (Vr) aj£ (> JiaJI : 4 >jV4 t 


d 


■o 


^jl^j (q y o) 


uAj <5 i3*^' j ® ^ E g^Wj^' i q y 0 <1U> yi 

• lii, dS) = ;r ^> cos;r = -1 (ji L4Luj 

.<UUJI aJL^JI ^3 AiiL^a SA^.1 j Aj^juj c 3^.I A-^jLiill * ^4- 
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AJ&LuJl f 



q n + 


(50.1) 


,q 2 + q J AiawjLjj n (_£ Uaj£ tali-a lakJa^jj jjuju till j ^ya 

.(l$j| jLi] fV'K 

: jl 4JUJI oiA ^ JAjju 

[Wb] 

r^j^jcJLjlaj 




“vn. .o\l ^A£vaI! ,■ ; oLuiJ Jjii-a ;;l*Js j Lj ; ^ajlj 

. 6*q A-plij 1 4 ^Jajudll Hxi'l ^LV,Sk\' J 

L-jLuo^. (Jjg xinj jjllSI I ^ 





i t 3*3 \ U n n 1 


^ £3 JJ-* 


' L> cA ^ CS^ ijjj 


. Aj^JaJ Jj-jjJaJ A. 19 ft 

4jj& Jjulaj /3 

; 4Jajj ^Sa^^^gjUll JSail / I 

j E L T L q x^a *1 S^ft] Q Ajl^> A,W jui\t ^.nx.J 



!. 

i 


W=§EjdS=>Q> = §E 

s s 


= &ExiS=>ES = 


* 

: cos0 = l i $ i 

•* 

q 


0 


;Aia j S = 4 tTF 2 J& 6^)^ll ^Jajoi 


(51.1) 



: J 4all ,«Al2i* V j ^UagjL t *naJ^ ua^ M& jgjUll ,«jL ^£11 JSaJI /m 

£ 

. / j L_UjJaa]| £>a lA^)j^h.>a AjI jA aJL^JI {^yaj£* ^Jojuj 

: S L <^UJ jjkJI j < S 2 l S^ ^Jajuj dj^i j dJljA 

£ £ 

:4> = 2>, 
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AJ&LuJl f 


(52.1) 


® = §EjdS = j>E.dS + §E.dS+j>E.dS 

S S, Sn S 


dS. 


Si 


5 2 

v V- 

0 

j 

V. 


E‘ 

j 



></£ 


Tud 

h> 

L 


L 


■v 

0 


a 


E 


dS 


V filial j * dS 

(^l) grfM' 


e > 1 U-La^ 1 32 ■ 1 

^ E cbJ' t (S 2 ) j (Sj) U^-il cs^ 

£tiuu2l ^^Ic. L>t .(cos^ - / 2 = 0) jjJA JJC. yjf ^a.jJ 

:<jIc. j (cosO = l) 2p jb IgjLi 4jji=>a lgJ£ dS 


(53.1) 


0) = rf = 

^ , . 



'0 


S L = 2 7tRI J Q: = A,.l (jl Laic. 


(54.1) 


(55.1) 



: aUaluL ,4_j «■»- 4*4^4 S ^ljUH , «jIj ^Sl\ 

•rl&^iaS <■ a.^' ,_A lj& A^aJ^Lall t^ya jC. A^.Llaa 


<D = j>E.dS =>d> = j> E.dS => E.S = 





Qi 


S 


0 



(') 




A ^** * AlLaj^^a ;33.1 


:AJ&Ua 


A.FIZAZI 


Universite de Bechar 


LMD1/SM ST 


Electro statique 


35 




3 ^-b Ig.bVi Aj^uudll Jais & — 1 “ 33.1 lMI : R y- r ♦♦♦ 


(56.1) 


EAnr = 


4 3 

r . p.—n.r 

2 _ py _ 3 


o 


o 



^Jajuj 3^-^ SJ j>a S^)£l! I g L&^J Ai^juJl (J£ -L. 


. r I ^ u xiIjjj E 

<- 33 .lJSili :R 


(57.1) 


4 „3 

T , p. 71. K 

£.W=^ = -3 


£ = 


0 


0 



lajflll ^Jajuj <j-ajC* ^Jajuo ~~ 33.1 3 ^*-^ *r = R 


(58.1) 


E = 




3^*3 SAjuj 

: ^Ua 2 jb ^jlfS V t£J^* flP gM 3 &aJ' /j 

lljb] c^lSi£ IjA .^Jajudil AjJ^aC- AjI jJaxjjl jA IjA ^3a 


JUj 





CZ 

▲ 


/ E> 

/ c Q 

/o >- 0 


I / 

l / 

r j 

1 

1 



V 




I 


E 


mi .a ^ALlLaV ^lajoj : 34 . *\ (J£jjal! 

t <!>! = ^.S) : 5j 
‘® 2 =E.S 2 :S 2 




(</S±d£) 







I jjc. 

I jjc. JjaJall 
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j E.S l = E.S 2 C&jE, =-E 2 fi L J <43 

Q 


<D = 2 E.S = 


o 





(59.1) 


lA\\\ AiUaA lg.j\c> (Jx^a Vi^\l 0jllll3l ^jl 4J!LaVI abA ! 

AjJ^ (J±^=0 (> S bjliSI j 4 Ij j C Sjas 


. - ,,c >. 




(forme differentielle du theoreme de Gauss) ' l 4-j, >24^1 jLudi j 4 

_ix£^ ^ Jjiiill c-u^:d .E x ,E y ,E z ^ E CjUjI^VI 



: E y ^jCr ^utill Jjajall 

^Lxjuj j j 

.^Jajuail ^Uljuj 

. c/S = dx.dz A^LolaII JA j (j^ Jja ^ S 
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(J.jg5 Ic. uV IjiaJ L_iSIjuj j; ^ 


: ^jL«j J |(£ v ,<is) = ;z-) JS 


—Is ( y).dx.dz 


+ E y (y + dy).dx.dz j r + <iy gi £jUJI c3^' * 

jjc. (jja-tiil ^^Ic. I ja j 

®dSv = ( E y (y + dy) - E y (y) ) .dx.dz 
: AjLzLj U 1 j .>»1 jj\l jli 1^2,. SjjJu^a (jo^JajuJl (jii dy AiL^al! 

. s' dE 4 44 lj 

E y (y + dy) - E y (y ) = AE y = dE y = ) .dy = 

j. . 

:!■* J£1 

<i(D = (E(y + Jj) - E (y)) dx.dz =J — | .dx.dydz 



f 

y 

dx.dy.dz = 

dy ) 

V 


Jtol! jli ^ ;a yu\ l W,Sn 


= d { 




il JJC. (_33 Jj11 AjjouIIj AliLalla ^cjlUjll <jl Lu 

j|l r 


dx.dy.dz = 

ay 5z j 

jiaj ^iua. Ajli dv ^ 


</d>- = 

E 


dE x dE y dE 


+ 


+ 


dx dy dz 


dv = 


f a£ r 

3£ v 

dE 1 

.dv 

X + 

* + 

z 

^ dx 

dy 

5z J 


Jl 

<_-A dq 

lil 

c 

dq 




£o 




s» J! 

>jj p 

|j| 

s- 


( 60 . 1 ) 



i E -Sc-Lp e^A 


A.FIZAZI 


Universite de Bechar 


LMD1/SM ST 


Electro statique 


38 




(61.1) 



( j - ajc - 4 jjk j ( jc . JJ*J J 

y /4 Jb A»a£I) S jl»g ii4& 

“* * .f • . 


E x = 


d 


dV_ 

dx 


( dr) 


E = -gradV 

E = -^ £ =-^ 

y dy z dz 


- J 


*C<La 


J 


dx 


V 


dx 


+ 


a 


6 


y 


dF 


A 


dy{ dy 


d ( dV 


(62.1) 


d 2 V d 2 V d 2 V 

+ — - + 


dx 2 dy 


r i—iLoiaj «. .AjujJ (equation de Poisson 



• J 



Ajjlx4 ^jujI (JjliaJ 

(JjoSjiJI J A Wajj\I Li£ lij 


E = xi + 2 y.j + 3£ : 



L>^ Aalai* JjjujJ : 7*1 jHa 

.Al\ juaB A Ailjflll S jtjc, *1^ ol 

** ♦ V * * V 


d/vF 


si 



p = F) 


0F V dE 


+ 


+ 


dx dy dz 


:(61.1) < link] :cJ J3^1 


/? = £ 0 [l + 2 + 0] => p = 3«£; 


o 


X. 


y,z) = - - 3 + - j {x 2 +y 2 -z 2 ) ft J^c- :8.1Jlk> 


q 


4 7is 0 a 4ns {) a 


A la. X'\l <ala£ o jlac. ^coiluil 


: P c^j U J^' + 1 L>ii=A 


q 


4 ns^a 


[2 + 2 - 2 ] = 
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lS \ (ilUA Tj >1 $1 |jLa 

: J ^ ,iA 


(62.1) 


P = o 



<j^aLk (_U* 1 uoj j (equation de Laplace) *UjIxa ^jojLi a jL*JI a 2 a 

: jA j (Le Laplacien) 


(64.1) 



(Notion de Tangle soli 


lid& blual 


) Ajjl.jl) pj&L A /5 

C 31 *JJ U ^ 4j ^ ^ Ajjo^udl 4 jj 1 jll ^ 

/abjui^ail jl AiL^all AjujAa^JIj 

I J)j A) ) ^^Uall n^Q ^g AIIxaLqJ' AjljujV I JIaaII 

IbA <Lg^)^J1 j^uLn^ Aj^Jr-aC^l AjjIJ) 3I j ^jqujj^G Ag.'s.ll j! 

C5^' C5^ ^ yr* .(Jajji^ SjU&) ^SLouJ I 

-1-36.1 cPI .Sxu^aII j} juLgjl 

^Lba^]| Aj^-^jjlII i Sbjai^oll j\ i A^L^all Ajjlj}ll l 1—flJ jXJ 

iS^lyxllj Ljjjud^i j t Ja a^gs (jc* 7? AiLoixillj >i).x.j]| dS 

(65.1) 

(^t) J1*U m • R yjc» AliioiA j LgjIj Ajl^.^* A j\jL^a\l 

.(steradian) 

. 7? a^)!a3 L q x^a ) j O O AlL^all AjjI^3I A^gjS 

AjLL^ail Ajjljll A-gjS . (— L-J— 36.1 cJ^^) S Ig.a.J^qj S^)jlb3l 

(66.1) 




jIjuoj ^AjjIj R jl jlIc^Lj ^Jajud3l (jU Ajjjflll 
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(67.1) 


( 68 . 1 ) 


(69.1) 

(70.1) 


dS = R 2 sin O.d O.d (p 
dQ = sin O.dO.dcp 

l(^£ jLujj i OC AjjjI j 4 Ja AlL^all ALa j 


2;r a 


Q = IV/Q = [ d(p.\sind.dd = 2;r(l - cosa) 


o o 


Q = 2;r(l-cosa) 



^ja f- 1 ^ 


. . 

< bxs 0 * 1 



1 <_LuAi« g — 7r! 2=> Q ~ 2tt sr | AJUJI 


. a = 7 t /2^ j \ jSI 


^ j <Iaij J l-lujIu a — n => Q = 4;r sr : AJIaII 


.2LL^1! 2bj!jU 

r^UUil JUbJI 


^ I 3 7 . 1 cJSjuill ^ OP ^Jajudll ^Ixjuj 13] 

jIjujJ AjjjuVi*.\I AlL^all AjjIjII ^JUIL j 4 COS 0 = 1 

(71.1) 





i2Jjoia1I £a 0 £. ij^aj ^x^\x.W ^Jajudll ^Lxjuj 131 Lai 

I^jLoU 4jL.^a\l AjjI^II (-C-J-37. 1 OP 
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(72.1) 


^ 4_Ak^all i- _ Igj 1^1 L ' J Jill ^A <3^1x11 &.4A 


o 



(') 


o 


4jL^i4jjlj]| :37.1 Jiil 


: J ^ 



E = K ~y jA 4. W jL j j \ l r 4x21 Jo q 4_iLaj 4 W > * <jo ^ulill JIjjJJI 


'jm AfeUil ❖ 


4_b^ll (> r juoll Jo <7)5 



1 JJO <70 (_g Jjl.Vw.\I Jjlll 

:c_u£j 


♦ ♦* 


(73.1) 


(74.1) 


5 = K.q 



(75.1) 


’. S ( j£ll < Jo ' 4_jLal£j 4 iL&x j 



J UJ>. 


q 


47T£ Cr^ 1 ^4 c> JWj6^' 

. 4 . 4 . WajjII ^ jj O 4 ^L^all 4 jjl^ll 

J 4 tZ" 4 «iL^a]| ^ 4 , WajLIIj -La ; v^,.j j Laliua ^Jajudll lij 

q 


’0 
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j ( Cl = 0 ) A-AjL^a]| Aj jl ^11 ^jli q A.WxjjIIj V j Lalaua ^Jajudll I t-al 


(Dipole electrique ) ' /F 

♦♦ ♦♦ ' 

j t> u_Aj : <-L j«j ❖ 

.I^A. S^jjijb^a AiLuiAJ (j^j£.liLa j b^ui)!\ 

. L-lkal! ^jUlII JiLaJI -LajJ-VN. (Jj-aJ 18.1 

p j*. ^-Uol jA (moment dipolaire) t iWql l ^Ijol fj*J) :uLyu ❖ 

A^.j-a t a jjiil] (Jlajj^M ^1 *jo> ^ q A <■*■ *3i <Uu3 $1.1^. ^jLoU 


:(38.1 Jlill) aJ 



o’v "' 4 IN A/'ll 


(76.1) 



4*^1 6& g^UM uhj&SM <1^ * 

— J g*jj P Ajaflj -q 4 +q jnW /M l (jc. ^jlu^ Ajjj 

(38.1Jl^l).r 2 j 


. r 


v=Y J v i^ v=K 


q q 


r, n 


V = K.q. 


i r 2 ~ r \) 


r 2 J l 


: jli aJc. j r 2 — r x =a.cos0 j r x .r 2 «r 2 <jli r»a ji 1 *j 


(77.1) 


F = 


1 q.a.cosO 


4 7T£ 0 


r 



: ^3L j 4£H L^aiil <«AjS gp gSUfl * 
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(78.1) 


(79.1) E x 


. E = —gradV Atal*-*]! ^ li'^LLjl E <J jl Vn« 


:J c S jj 38.1 Jc. bUic! r SFW;,.,^ cjlul^VLi ^ 


r i = 


_y 2 + (x - a/2)' 


-il/2 


; F = 


-il/2 


y + (x + a / 2) 

jl Uj J 


F = K.q 


1 1 


r l F 


F = 


4;r<£ , 0 


.q 


a 1 

1 


:2P] 


— il/2 


_y 2 +(x-a/2) jy 2 +(x + a/2) 


nl/2 



A}1«*j ^Lal! jVI 


aF 


i 


ox 4^-f, 


.q 


o 


x — a/2 


x + a/2 


.y 2 + (x-a/2) 


n3/2 


y 2 + (x + a/2) 


— 13/2 
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(80. 1) E y 


(81.1) 


dV_ 

dy 



y 


y ^ + (x + £z/2) 


n3/2 


• A iWaji (JjlxSl 


39.1 J< L ~''^ j AiLaJl Aia^lall 

’•<$£. J E = E r +E d : j cJj*j 


^ dV Ip.cosd „ 1 dV A0 

E.. = = — — : E 0 = = p. 


dr 4 7T£ 0 .r 3 


e 


r d6 



H y 



y- 




\ I 


*** 


dgfctf cp£\^y\ ;39.1 j^l 1 
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